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Abstract 
There have been many approaches to improve student learning.  In this study, we look at the 
ASSISTments online tutoring system to prove that instant feedback increases content learning.  
We find that by having a system that provides correctional feedback as well as instant tutoring, 
students learn the material presented to them, and do so at their own pace.  After experimenting 
in one university, two high schools and one middle school, three of our experiments support the 
use of an online tutoring system. We compare this system to a stripped down version of 
ASSISTments to simulate a typical learning situation presented to students which receive packets 
of work to complete and potentially prepare them for and upcoming exam. We conclude by 
revealing that the students who were presented with the full version of ASSISTments, namely 
the Gold group, outperformed the students in the stripped down ASSISTments, namely the Blue 
group.  We suspect the instant tutoring and corrective feedback are major areas that native 
teaching methods lack in efficiency and effectiveness. 
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Introduction  
ASSISTments is an online system developed to support schools who want to use current 
data to inform instruction. It is a blend of assessment and assistance. The system tutors students 
while assessing their understanding of grade-specific knowledge components. Teachers can get 
real-time reports on student performance. ASSISTments has modules for Mastery Learning 
(where ASSISTments provides the tedious bookkeeping functions), nightly homework 
(ASSISTments checks for accuracy and reports correct and incorrect feedback to teachers and 
students), parental notification of student performance, and more. The system collects and 
documents evidence of student learning, provides students with descriptive feedback to help 
those close gaps in understanding, and provides parents with specific information about what 
students know and understand.1 
                                               
1
 http://teacherwiki.assistment.org/wiki/index.php/Mainei3 
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Background 
Overview 
A learning management system is a software application that establishes an environment geared 
towards maintaining, assigning, documenting, and reviewing content. A well-established 
learning management system should allow the following: 
● Consolidate resources 
● Distribute and maintain content 
● Personalize content 
● Accumulating and assessing progression  
Systems 
There are many systems trying to assist the teachers and student of schools across the 
nation and across the world. Here are some systems that are currently being used in 
schools by hundreds of teachers. 
Moodle 
What is Moodle? 
The focus of the Moodle project is always on giving educators the best 
tools to manage and promote learning, but there are many ways to use Moodle: 
● Moodle has features that allow it to scale to very large deployments and 
hundreds of thousands of students, yet it can also be used for a primary 
school or an education hobbyist. 
● Many institutions use it as their platform to conduct fully online courses, 
while some use it simply to augment face-to-face courses (known as blended 
learning). 
● Many of our users love to use the activity modules (such as forums, databases 
and wikis) to build richly collaborative communities of learning around their 
subject matter (in the social constructionist tradition), while others prefer to 
use Moodle as a way to deliver content to students (such as standard 
SCORM packages) and assess learning using assignments or quizzes.2 
ASSISTments 
What is ASSISTments? 
                                               
2
 http://moodle.org/about/ 
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ASSISTments is a non-profit research project used by hundreds of 
teachers. ASSISTments is a free web-based platform, hosted by WPI, which 
allows teachers to write individual ASSISTments (composed of questions and 
associated hints, solutions, web-based videos, etc.) The word “ASSISTments” 
blends tutoring “assistance” with “assessment” reporting to teachers. It supports 
all subjects (i.e., Math, English, etc.) and due to federal grants, has a huge 
repository of math content. ASSISTments is not just a math tutoring system. It's 
an ecosystem of researchers, schools, parents, funders, and state partners, working 
together to help students. Each of the partners gets something out of it and each 
contributes something.3 
Pearson 
  What is Pearson? 
As the leading education services company, Pearson is serious about 
evolving how the world learns. We apply our deep education experience and 
research, invest in innovative technologies, and promote collaboration throughout 
the education ecosystem. Real change is our commitment and its results are 
delivered through connecting capabilities to create actionable, scalable solutions 
that improve access, affordability, and achievement.4 
 Khan Academy 
  What is Khan Academy? 
The Khan Academy is an organization on a mission. We're a not-for-profit 
with the goal of changing education for the better by providing a free world-class 
education to anyone anywhere. All of the site's resources are available to anyone. 
It doesn't matter if you are a student, teacher, home-schooled, principal, adult 
returning to the classroom after 20 years, or a friendly alien just trying to get a leg 
up in earthly biology. The Khan Academy's materials and resources are available 
to you completely free of charge.5 
Comparison 
These systems are cornerstones in the modern age of learning. In the words of John F. 
Kennedy, “Our progress as a nation can be no swifter than our progress in education. The 
human mind is our fundamental resource.” Each system strives for progress in education and 
                                               
3
 http://teacherwiki.assistment.org/wiki/About 
4
 http://www.pearsoned.com/about-us/ 
5
 http://www.khanacademy.org/about 
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to bring comprehensive and accessible tools to the everyday classroom. To understand how 
these learning systems can cultivate the minds of our nation’s youth we must analyze each of 
the systems mentioned above.  The discrepancies between each tutoring program provide 
different strengths and weaknesses that affect student learning. 
Content 
Content is the driving force behind learning management systems. Moodle has 
teacher driven content. It gives the teachers the tools to create the questions for them but 
does not provide standardized questions for use. Pearson provides access to their learning 
management system for a fee. Access can be gained for a reduced price with the purchase 
of one of their textbooks. Pearson’s online system covers a vast variety of subjects along 
with the ability for teachers to create questions to supplement the given question; 
however it is not easily done. Khan Academy is a system in development that currently 
covers various math and sciences. ASSISTments is  that provides skill building sets that 
have be created by current mathematics teachers in several colleges and high schools 
mostly based in the New England area. ASSISTments also provides each teacher the 
ability create their own content.  
Assigning 
Once the content exists there must be a way to assign it to classes or individuals. 
Every system implements this differently. Khan Academy does not currently have a 
system in place for assigning work. Pearson allows you to create a course based on a 
preexisting subject. Once the class is made materials can be selected and will be able to 
assign examples from the book along with other similar problems. Within Moodle once 
the content is created assignments can have set due dates and assignments can be set 
visible or not within each class. ASSISTments has a similar method of assigning work to 
students where assignments can be released on a certain date to make it available to 
students along with a due date for the assignment, this keeps assignments visible. 
 
Feedback 
Once the students have the work that they should be working on the next step is to 
allow them to know how they are progressing. Moodle gives correctness feedback for 
problems assigned. Khan Academy gives instructional videos regarding the subject. 
Pearson also provides instructional videos along with the ability to generate a problem 
similar to problems the student is having trouble with. ASSISTments provides mastery 
learning which allows the student step by step directions on how to solve the problem. 
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The student must reach a certain amount of questions correct in a row in order to show 
understanding and will receive related questions if they are having trouble. 
Results 
The remaining portion of a learning management system is the ability for the 
teacher to assess how their students are doing. Moodle provides averages for each student 
and has the ability to delve into each student’s assignment to see how they answered. 
Khan Academy can show progress reports for skills along with statistics for problems. 
ASSISTments provides statistics on problem completeness, student averages, how 
students answered questions, along with the most common incorrect answers. Pearson 
also allows similar statistics for classes regarding overall averages, student averages, and 
individual reports on how the student answered within their assignments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Project Description and Goals 
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Overview 
 Our primary goal is to discern any differences in the mastery of college-ready math skills 
by students participating in ASSISTments under these two conditions:  
 
● With WPI Skill Builder sets containing variable workloads and step-by-step guidance for 
reaching the solution or, 
● With vanilla sets that create a condition much like an online version of a regular paper 
worksheet, but with instant correctness feedback. 
 
 It is important to note that the ASSISTments homework was given to the students as 
regular assignment at the teacher’s discretion.  We felt that gauging the effectiveness of an 
educational aid is best done when the students were willing participants in the learning process, 
although if the student failed to complete their assignments the teachers enforced the proper 
penalties. Thus, we eliminated those who did not complete all testing sets the study from both 
groups as we cannot determine the effectiveness of the two systems without performance 
markers. We will discuss this in further detail in a later section. 
  
By gaining more insight in how variable workloads and tutoring strategies affect the 
learning process, we hope to provide information that can be used to optimize e-learning through 
ASSISTments.  In particular, we want to examine the combined effectiveness of the WPI Skill 
Builder system and step-by-step help applied to ASSISTments, and whether or not they bring 
additional improvements in academic success to students studying pre-college level math.   
 
In a way, this experiment is also an investigation of whether or not the mimicking of 
teacher-student interaction in work assignment and step-by-step tutoring through computerized 
systems have a significant effect in academic outcome in pre-college math topics.  
Building the ASSISTments 
 An ASSISTment in our experiment is a math question with correctness feedback and a 
help system that the student can choose to take advantage of. Here, all ASSISTments for the 
control and treatment group were generated from the same batch of templates in order to 
maintain consistency and avoid introducing confounding factors.   
 
 This study did not involve the construction of the tools or all the problem sets and 
templates.  ASSISTments is an existing framework that is both free of cost and were tested, 
adopted, and refined by the ASSISTments team and various educators.  Many problem sets and 
templates were converted from previous studies done on ASSISTments.  These sets are recorded 
in a later section. 
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Building and Releasing the Problem Sets 
Created ASSISTments instances are categorized into sets based on skill so that different 
sets (and therefore different skills) can be released in a controlled manner in order to maintain a 
logical order in the problems’ skill dependency and difficulty.  Detailed description of set 
creation and design is listed in the Experimental Design section. 
  
 The generated problem sets are divided into two symmetric categories covering the same 
math topics. Mastery Learning sets are the treatment, and worksheet-like vanilla sets are the 
control. A Mastery Learning set is a set that dynamically allocates more questions up to a daily 
limit so long as the student does not meet completion requirements of three right in a row.  
Students also have the option of accessing pre-made tutor that solves the problem step-by-step in 
exchange for having the problem marked as incorrect. Vanilla worksheet-like sets are completed 
once all questions have depleted, and does not require the students to demonstrate consistent 
correctness.  The control problem sets are effectively printed problem hand-outs with immediate 
correctness feedback. 
 
For the University groups, we felt that the students were capable of choosing the skills 
that they feel are needed first.  For the High School groups, we left the release schedule of skill-
based problem sets at the discretion the respective instructors, the experiment details can be 
found in a later section. 
Blue Group vs. Gold Group 
 The Blue and Gold groups were labels for the control and test groups respectively 
without revealing group purpose to the participants.  The names were the school colors of 
Worcester State University, where the first run was performed.  These names were re-used for 
subsequent trials for simplicity’s sake. 
  
 We like to clarify that although the test group received treatment that we hypothesized to 
be superior, the control group’s learning experience was not impeded.  Both groups were subject 
to standard educational practices and the control group received what was standard in terms of 
homework assignments.  Both groups improved their math performance after participation. 
Set Content for Skill 
 The skills were chosen in part due to the approach needed to solve them.  Here, math 
problems focusing on mostly arithmetic and simple algebraic concepts were selected because of 
the straight-forward approaches required to solve them. The heavy use of pattern recognition and 
adherence to process in these skills makes them somewhat easier to write problems for and tutor 
compared to more open ended and advanced concepts.  Their reputation as foundational skills for 
12 
 
secondary education also gives us an audience that is both plentiful and technologically 
competent enough not to be hampered by the computerized nature of ASSISTments. 
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Experimental Design 
Content 
Each of the following problem sets were used in each experiment.  The ASSISTments program 
as mentioned in Section 2 of this paper provided the proper tools to develop the content 
distributed.  Several examples of instantiations of our templates are seen below.  Our templates 
were then used in conjunction with other templates to develop skill building problem sets. 
 
Included with the problem set package that each student received was a warm up problem set, 
and two test, an evaluation A and an evaluation B test.  Also templates each had a blue and a 
gold copy of the following problem sets.  Below the differences among the blue and gold group 
are described. 
Warm Up Sets 
Blue Warm Up Set 
This problem set fit the blue group problem sets that they expected to see throughout their 
problem sets. It includes four static problems without tutoring hints.  The students however were 
provided with a correctional hint which provided the students simply with the answer to progress 
to the next template.  Unlike the gold group, mastery learning was not used to create the problem 
sets; rather we took instantiations of the skill building sets, and stripped out the tutoring. 
Gold Warm Up Set 
This problem set similarly matched the gold problem sets.  It came included with tutoring hints 
and up to 150 to 200 mastery learning instantiations.   
Evaluation Sets 
Accuplacer Test 
This test is described in Study of Accuplacer SKILL BUILDING Experiment 1 section. We took 
the student’s Accuplacer scores and their re-take scores for evaluation.  
Evaluation A 
The pre-test that was given to students consisted of 14 problems, which were distributed in linear 
order.   
Evaluation B 
This is the post-test that was given to students.  It consisted of 14 problems, which were 
distributed in random order.  The motivation behind changing the post test was in some cases, to 
14 
 
attempt to eliminate the potential for students from cheating.  Some experimental environments 
placed students relatively close together in labs due to lack of personal computers.  These 
students could easily work together with their close by friends to solve the problems during the 
evaluation.  By randomizing the problems, it does not eliminate cheating; however it does make 
cheating much more difficult. 
Example of a Gold Tutoring System 
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Algebra Skills 
Computation with Real Numbers 
 
Order of Operations with Signed Numbers 
 
 
 
Simplifying Expressions with Addition, Subtraction, Multiplication, Division, and 
Distribution 
17 
 
 
 
Solving Linear Equations 
 
Adding and Subtracting Polynomials 
18 
 
 
Multiplying Binomials 
 
 
 
 
 
Rational Expressions 
19 
 
 
Dividing Polynomials 
 
 
Greatest Common Monomial Factor 
20 
 
 
Factoring Difference of Squares 
 
Factoring Trinomial with Leading Coefficients of One 
 
All Factoring Mix Greatest Common Factor, Difference of Squares, Trinomials 
21 
 
 
Write Linear Equation from Slope and Y-Intercept 
 
 
 
Linear Equations from a Situation 
22 
 
 
 
Systems of Equations 
 
 
Factoring to Solve Quadratic Equations 
23 
 
 
 
Square Roots of Algebraic Expressions 
 
24 
 
Arithmetic Skills 
Equivalent Fractions 
 
 
Adding and Subtracting Proper Fractions 
 
 
 
 
 
 
Adding and Subtracting Mixed Numbers 
25 
 
 
Multiplying and Dividing Proper Fractions 
 
 
 
Multiplying and Dividing Mixed Numbers 
26 
 
 
Addition and Subtraction Positive Decimals 
 
 
 
 
 
 
Multiplying and Dividing Decimals 
27 
 
 
Multiplication and Division by Powers of 10 
 
Percents 
Proportion - Ratio - Rates 
28 
 
 
Conversion of Fractions, Decimals, and Percents 
 
Exponent, Square Roots 
29 
 
 
Word Problems 
 
Rounding 
30 
 
 
 
Order of Operations 
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Study of Accuplacer SKILL BUILDING:  Experiment 1 
What is Accuplacer? 
The ACCUPLACER is used to test a student’s skills in math, English, and writing based 
upon their adaptive learning skill set.  This program is a guide to help Worcester State University 
students choose an appropriate course load.  Many students are unsure of what course they 
should be in, and often times result in the wrong skill set. For example, a student may enter 
college algebra and not have the necessary skills to perform well in the course.  A tumbling 
effect quickly may occur where a student fails, or drops out of the class due to the lack of skills 
needed in that course.  The ACCUPLACER is an attempt to prevent students from entering a 
course that they are not prepared for6.   
Why Accuplacer? 
A major benefit to students who must take the Accuplacer is the adaptive question basis.  
The questions in the computerized examination depend on the way a student responds to the 
previous question.  Since the Accuplacer is adaptive, the results are tailored to the student, and 
gives the student as well as the advisor an accurate report of areas the tester must work on.  The 
conception behind the Accuplacer is that, “Once you identify your academic strengths and 
needs, you can get the help you need to improve undeveloped skills before they can interfere 
with your learning.” 
What problems are the students facing? 
Some students enter their first college math course ill-prepared which in turn relates to 
students struggling severely in the course and in worst cases, dropping out of the course.  There 
are other students who have circumvented these core math classes and waited until the junior and 
senior year to take a fundamental math course.  These students suffer a double penalty of not 
learning the skill set in the previous educational institution, and not touching 
 
Accuplacer Effectiveness 
How well can students improve their performance on the Accuplacer if they are WPI 
ASSISTment Skill Builder prepared, compared to students who use generic Accuplacer 
techniques to prepare?  Obviously there may be other contributing factors to a student’s failure; 
however we simply address the student’s college preparedness in this study.  
Hypothesis 
                                               
6
 http://www.worcester.edu/AcademicSuccess/Shared%20Documents/Accuplacer.aspx 
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Students will perform “better” on the Accuplacer if they are WPI Accuplacer Skill 
Builder prepared in using the ASSISTments tutoring system. 
 
Method  
Setup 
This experiment will utilize the Accuplacer test by randomly selecting (experimental 
group) 10(20) students out of 20(40) students that will retake the test after being WPI Accuplacer 
prepared.  The remaining students (control group) will prepare to retake the test using 
ASSISTments, without tutoring. This control group are expected to prepare in a generic way per-
usual. 
 
Test mode pre-test on the skills in question.  How the control group works through the 
problems.  If the experimental group receives a better understanding of problems answered 
incorrectly.  How well do the students score after retaking the Accuplacer?  Treatment will have 
paper worksheets plus skill builders 3 right in a row, and tutoring.  The control group will have 
paper worksheets, and they will get problem sets for just for problems in a problem set and no 
tutoring (correctness feedback only).  "Fake" Accuplacers were built for the control group. Some 
students opted out to retake the ACCUPLACER test and therefore we disregarded these students 
in our analysis. 
 
Experimental Environment 
Worcester State 
Experimental:  Group of students using the Accuplacer 
Control:  Students will use ASSISTments; however they will not receive any tutoring. These 
students only receive the Accuplacer ASSISTment questions. 
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Study of High School Students/Middle: Experiment 2 
We duplicated our December Accuplacer experiment at the end of January, 2012 to 
potentially produce other results that support our overall claim that ASSISTments, if correctly 
utilized can effectively improve a student’s skill set.  In this trail, we ran the experiment an 
additional three times throughout high schools in Worcester, MA.  The schools who opted in this 
experiment were Doherty High School led by Kathleen O’Leary, Sullivan Middle School led by 
Michele Fulk, and Clairmont Academy led by Adelina Zaimi.  There are minor discrepancies 
between the three high schools, all which will be pointed out individually in the experimental 
environment section. 
Hypothesis 
Middle school and High school students will be more prepared for typical college 
readiness skills by using the ASSISTments tutoring system. 
Method 
Setup 
Each teacher submitted a list of students that would be participating in the experiment.  
Mrs. Zaimi submitted five classes, Mrs. O’Leary submitted one class, and Mrs. Fulk submitted 
two classes that she wanted to participate in the experiment. We then sorted the students in order 
of their current overall grade percentage and labeled every other student with a blue or gold tag.  
This tag was used as an identifier for the students to join the correct class, blue or gold.  Once the 
students correctly joined their online class, they then were able to take the appropriate warm up 
problem set, followed by the Evaluation A.  Upon completion of the Evaluation A, the student 
was permitted to run through the remaining problem sets to practice.  The students were given 
roughly three weeks to practice before Evaluation B. 
Experimental Environment 
Doherty High School 
The students who participated in this experiment initially were placed into the Doherty 
High School library to use the lab computer equipment.  The students there were advised to 
continue working at home to make progress.  Several other occasions after, we met with Mrs. 
O’Leary and her class to give them progress reports, feedback, motivational speeches, and well 
as help with the actual content. 
 
Clairmont Academy 
Mrs. Zaimi met her students in a computer lab.  Only a few students had ever made 
ASSISTments accounts before so we began by having them go to www.ASSISTments.org.  
Since there was no projector in the room the students had to just follow the directions to make 
34 
 
their accounts.  Cristina did this with the first two periods while Ms. Zaimi took over for the rest.  
We had a list of the student’s names and had to call them out to tell them who was in the blue 
group and who was in the gold group.  The students mostly made their accounts without much 
intervention from the instructors and they go to work on the pre-test.  As they finished the pre-
test they got to work on the two skill assignments.  For the most part the students completed their 
work individually.  
Sullivan High School 
The students did the pre-test and the assignments at home for the most part. Those 
students who do not have internet access at home used school library computers before school 
and during lunch.  This also means that some students used their own laptops while other 
students used school resources such as the lab computers. The Pre-test was taken at the student’s 
discretion of time, while the post test was taken at school all at the same time.  For simplicity the 
students were able to work on ASSISTments homework both, at school and at home.  Mrs. Fulk 
believes that it unlikely that they would ask for help on the problem sets. There grade was based 
on getting the problem sets done on time, not how well they did.  We assume that the students 
therefore worked independently without any suspicion of academic dishonesty. 
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Adelina class data 
 
 
Two-Sample T-Test and CI: Gains, Team 
 
Two-sample T for Gains 
 
Team   N   Mean  StDev  SE Mean 
BLUE  30  0.129  0.147    0.027 
GOLD  25  0.158  0.154    0.031 
 
 
Difference = mu (BLUE) - mu (GOLD) 
Estimate for difference:  -0.029000 
95% CI for difference:  (-0.110968, 0.052968) 
T-Test of difference = 0 (vs not =): T-Value = -0.71  P-Value = 0.481  DF = 50 
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Adelina : low knowledge kids – pretest <= 50% 
 
Two-Sample T-Test and CI: Gains, Team 
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Two-sample T for Gains 
 
Team   N    Mean   StDev  SE Mean 
BLUE  12   0.155   0.157    0.045 
GOLD  11  0.2182  0.0940    0.028 
 
 
Difference = mu (BLUE) - mu (GOLD) 
Estimate for difference:  -0.063182 
95% CI for difference:  (-0.175629, 0.049265) 
T-Test of difference = 0 (vs not =): T-Value = -1.18  P-Value = 0.253  DF = 18 
 
 
 
 
Adelina: Student who did 3 or more problems in all 15 problem sets 
 
 
Two-Sample T-Test and CI: Gains, Team 
Two-sample T for Gains 
 
Team   N   Mean  StDev  SE Mean 
BLUE  22  0.166  0.128    0.027 
GOLD  15  0.168  0.160    0.041 
 
 
Difference = mu (BLUE) - mu (GOLD) 
Estimate for difference:  -0.001636 
95% CI for difference:  (-0.103442, 0.100169) 
T-Test of difference = 0 (vs not =): T-Value = -0.03  P-Value = 0.974  DF = 25 
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 WSU - Arithmetic Accuplacer  
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Two-Sample T-Test and CI: Arithmetic Accuplacer Gain, Team 
 
Two-sample T for Arithmetic Accuplacer Gain 
 
Team   N  Mean  StDev  SE Mean 
Blue  17  19.8   20.6      5.0 
Gold  21  18.5   13.6      3.0 
 
 
Difference = mu (Blue) - mu (Gold) 
Estimate for difference:  1.24090 
95% CI for difference:  (-10.70711, 13.18890) 
T-Test of difference = 0 (vs not =): T-Value = 0.21  P-Value = 0.833  DF = 26 
 
 
WSU - Arithmetic ASSISTments  
40 
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Two-Sample T-Test and CI: Arithmetic ASSISTment Gain, Team 
 
Two-sample T for Arithmetic ASSISTment Gain 
 
Team   N  Mean  StDev  SE Mean 
Blue  15  24.3   23.5      6.1 
Gold  19  26.3   15.9      3.6 
 
 
Difference = mu (Blue) - mu (Gold) 
Estimate for difference:  -2.04912 
95% CI for difference:  (-16.68933, 12.59109) 
T-Test of difference = 0 (vs not =): T-Value = -0.29  P-Value = 0.775  DF = 23 
 
 
WSU - Elementary Algebra Accuplacer 
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Two-Sample T-Test and CI: EA Accuplacer Gains, Team 
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Two-sample T for EA Accuplacer Gains 
 
Team   N  Mean  StDev  SE Mean 
blue   9  11.9   13.3      4.4 
gold  10   5.5   15.5      4.9 
 
 
Difference = mu (blue) - mu (gold) 
Estimate for difference:  6.38889 
95% CI for difference:  (-7.62426, 20.40204) 
T-Test of difference = 0 (vs not =): T-Value = 0.97  P-Value = 0.348  DF = 16 
 
WSU - Elementary Algebra ASSISTments 
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Two-Sample T-Test and CI: ASSISTment Gains, Team 
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Two-sample T for ASSISTment Gains 
 
Team  N   Mean  StDev  SE Mean 
blue  6  14.67   9.18      3.7 
gold  9   -7.4   18.1      6.0 
 
 
Difference = mu (blue) - mu (gold) 
Estimate for difference:  22.1111 
95% CI for difference:  (6.6290, 37.5933) 
T-Test of difference = 0 (vs not =): T-Value = 3.11  P-Value = 0.009  DF = 12 
 
Fulk Data - Full data set 
 
 
 
 
 
Two-Sample T-Test and CI: gain, team 
 
Two-sample T for gain 
 
team   N    Mean  StDev  SE Mean 
Blue  47   0.021  0.177    0.026 
Gold  46  -0.004  0.174    0.026 
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Difference = mu (Blue) - mu (Gold) 
Estimate for difference:  0.025624 
95% CI for difference:  (-0.046659, 0.097908) 
T-Test of difference = 0 (vs not =): T-Value = 0.70  P-Value = 0.483  DF = 90 
 
 
 
 
 
 
 
 
Fulk data set - Lowest 31 students (pretest <=71) 
 
Results for: Worksheet 2 
 
Two-Sample T-Test and CI: gain, team 
 
Two-sample T for gain 
 
team   N   Mean  StDev  SE Mean 
Blue  17  0.150  0.192    0.047 
Gold  14  0.140  0.189    0.050 
 
 
Difference = mu (Blue) - mu (Gold) 
Estimate for difference:  0.010000 
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95% CI for difference:  (-0.130797, 0.150797) 
T-Test of difference = 0 (vs not =): T-Value = 0.15  P-Value = 0.885  DF = 28 
 
Accuplacer Outcome 
The data above shows that in the arithmetic sections the gains are normal in the probability plots and also 
the gains were equal.  This means that the box plots show no difference.  The T-Test also support this 
conclusion to show there is no difference between the blue group and the gold groups. In the elementary 
algebra section, there was not much variance in the box plots.  We derived a p-value of .348 which means 
there is no difference between the Accuplacer blue and gold group test. The ASSISTments test showed 
that the p-value was very small, and also showed that the blue group had a higher increase that the gold 
group which contends our hypothesis.  
Impact of Tutoring on Students of Different Averages 
 Data collected from Ms. Fulk’s class afforded us with a sample large enough to collect 
meaningful statistical information from after isolating low-performing students.   
 
After data analysis, we cannot conclude that lower-scoring students gained any additional 
mathematical knowledge with Mastery Learning compared to vanilla sets with correctness 
feedback.  The difference between the control and treatment groups remained statistically 
insignificant even when low-performers were analyzed.  Although ASSISTments do raise the 
performance of low-performers by a higher margin than the class average, it only needs a few 
questions and correctness feedback to do so.  Mastery Learning does not make a positive or 
difference here either. 
Tutoring Strategy Impact on Learning Based on Gain 
 The addition of our optional step-by-step problem tutoring to correctness feedback does 
not statically improve our gains in all data sets.   
 
Comparison of instructor resource versus computerized tutoring 
 
 In the Worcester State University experiment, the instructor reported a much higher level 
of instructor-student email interaction in the control group compared to the test group.  Because 
of this, there was a significant positive gap between the control group and treatment group. 
  
 We feel that this affirms the notion that students benefit from individual interactions with 
the instructor, even though a computerized medium. 
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Conclusion 
Agreement with hypothesis 
The data collected did not agree with our initial hypothesis. 
 
Comparison of Mastery Learning and vanilla ASSISTment score gains from all 
experiment data sets had P-values significantly above 0.05 with the exception of one, which 
actually showed that Mastery Learning created a lower gain than plain ASSISTments sets, 
contrary to our hypothesis.   
 
Because of this, we are certain that the Mastery Learning did not have a significant 
advantage over to worksheet-like systems in terms of improving of student’s ability to become 
college ready in math skills.  This conclusion was drawn from data collected from both 
experiments in the Accuplacer study. 
 
Interpretation of data and implied causality 
Out initial hypothesis stemmed from the assumption that the same worksheet will not be 
able to accommodate all skill levels and that Mastery Learning will keep delegating problems to 
low-performance students until they have mastered the particular math skill while providing 
them with step-by-step guidance to present and clarify concepts.  This would facilitate the 
students which were having difficulties in terms of class performance by giving extra practice 
and explaining procedure to pupils who fail to demonstrate topic mastery.   
 
However, in the actual experiment, students with higher skill were exposed to a similar 
amount of problems as those in the treatment group only had to enter three correct questions in a 
row and those in the control set only had to complete four problems. The availability of step-by-
step instructions did not seem to have a significant either.   Also, there was no significant 
positive gap between the Mastery Learning and ASSISTments in lower-performing students, 
suggesting that the extra workload did not increase skill level.   
 
Eliminating that, we are left with the prospect that a few questions representative of a 
skill with instant correctness feedback is just as effective as our implementation variable 
workloads and incremental tutoring.  
 
Nuisance factors 
It should be noted that in the Worcester State study, the control group received 
significantly more instructor email assistance compared to the treatment group. This may cause a 
narrowing in the improvement gap between the two groups.   
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It could also be interpreted that the students received the most help from the step-by-step 
help system more than the Accuplacer system or that the control group was not given enough 
questions in the Blue sets.  However,  
 
Finally, based on instructor feedback, we have little evidence to suggest academic 
dishonesty and any skewing of data because of it. 
Experiment post-mortem 
 The comparatively unremarkable student reaction to Mastery Learning reveals several 
potential pitfalls in the assumptions and designs that were made in this experiment.  For one, we 
failed to notice that, although our intention was to create a system that would match the 
educational process, we did not put adequate emphasis on human-computer interaction.  A 
scripted hint system is closer to a textbook than teacher feedback, especially when it is presented 
as text and diagrams. The additional text can appear confusing or even intimidating to students 
who already have established an attitude towards blocks of words and formulas in their 
traditional math education.  Assigning more problems based on a general view of mathematical 
skills by itself may be too superficial when error lies in the reasoning step that may not be 
required in all instances of that problem.   
  
 Our experiment design did not address all the subtleties of an extremely complex and 
even stochastic process. There were elements pertaining to usability and the reasoning process 
that were simply not encountered and addressed in the initial design. It is safe to say that there is 
a misalignment in the sophistication of the human learning process and the simulation of 
personal interaction we designed to match it. 
 
Hopefully, this study will shed light on how to effectively maximize education return 
with ASSISTments. 
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Arithmetic Problem Sets 
Warm Up 
 
51 
 
 
 
52 
 
Pre-Test 
 
53 
 
 
54 
 
 
 
55 
 
 
 
56 
 
 
 
57 
 
Post Test 
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Arithmetic Problem Sets 
Equivalent Fractions  
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Adding and Subtracting Proper Fractions  
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Adding and Subtracting Mixed Numbers  
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Multiplying and Dividing Proper Fractions  
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Addition and Subtraction Positive Decimals  
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Multiplying and Dividing Decimals  
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Multiplication and Division by Powers of 10  
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Conversion of Fractions, Decimals, and Percents   
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Exponent, Square Roots  
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Word Problems  
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Rounding  
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Order of Operations 
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Algebra Problem Sets 
Warm Up 
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Pre-Test 
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In line with text| Fixed position 
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Post Test 
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Problem Sets 
Computation with Real Numbers 
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Order of Operations With Signed Numbers 
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Simplifying Expressions with Addition, Subtraction, Multiplication, Division, and 
Distribution 
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Solving Linear 
Equations
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Adding and Subtracting Polynomials  
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Dividing 
Polynomials
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Greatest Common Monomial Factor 
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Factoring Difference of Squares  
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Factoring Trinomial with Leading Coefficients of One  
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All Factoring Mix Greatest Common Factor, Difference of Squares, Trinomials  
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Write Linear Equation from Slope and Y-Intercept  
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Linear Equations from a Situation  
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Systems of Equations  
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Factoring to Solve Quadratic Equations 
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Square Roots of Algebraic Expressions 
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